Many studies of sexually selected vocal communication assume that calls remain stable throughout the breeding season. However, during this period, physiological and social factors change and these can have strong effects on the structure of calls and calling rates. During the rut, fallow bucks, Dama dama, reduce their feeding and increase the time and energy spent on vocalizing and fighting to gain matings, and consequently their body condition declines greatly. The availability of matings and intensity of competition between males also change. Therefore, we predicted that male vocal signalling would vary over time in response to the changing intersexual and intrasexual selective environment. We measured the structure of fallow buck groans and the groaning rate throughout the rut. Fundamental frequency-related parameters were highest at the beginning and at the end of the rut, and lowest during the middle when most matings occur. The fundamental frequency perturbation along the groan (Jitter) remained stable throughout the rut, whereas the number of pulses and duration of the groans decreased linearly. The minimum formant dispersion did not vary significantly over the rut. Groaning rate increased towards the middle of the rut and then rapidly decreased afterwards. We suggest that changes in the structure of groans and groaning rate are associated with the declining body condition of males and variation in the availability of mating opportunities. The breakdown in some aspects of call structure towards the end of the breeding season may represent an honest signal that could be widespread in other species. Ó
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Recent research on mammal vocal communication has focused on determining the functions of calls by elucidating the information they convey to receivers (Fischer et al. 2002; Torriani et al. 2006; Pfefferle et al. 2007; Theis et al. 2007 ). The information transmitted through vocalizations can be encoded in different aspects of a call, such as the acoustic structure and calling rate (Clutton-Brock & Albon 1979; McComb 1991; McElligott & Hayden 1999; Fischer et al. 2004 ). These vocal features may be affected by both social and physiological factors and therefore vary over both short and longer timescales (Koren & Geffen 2009).
Social context-related changes in the acoustic structure of calls generally reflect changes in arousal or motivation of an animal (Elowson & Snowdon 1994; Mitani & Brandt 1994; McElligott & Hayden 1999; Rukstalis et al. 2003) . Intensity of arousal might be communicated in vocal signals by altered patterns of calling in space and time and/or by changes in the acoustic parameters of calls (Fichtel & Hammerschmidt 2002; Fischer et al. 2002; Bachorowski & Owren 2003) . For example, adult male baboons, Papio cynocephalus ursinus, produce the 'wahoo' call at far greater rates during aggressive contests than comparatively low-arousal circumstances and the acoustic structure of these vocalizations changes following protracted calling (Fischer et al. 2002 (Fischer et al. , 2004 . Prolonged calling associated with high physical activity has been shown to alter both the frequencies of calls and the calling rate (Lié nard & Di Benedetto 1999; Fischer et al. 2004) .
Mechanisms at the basis of the different motivational states of the caller may contribute to the context-dependent acoustic modifications (Morton 1977 (Morton , 1982 . Short-term variation in the arousal state may alter respiration and therefore vocal production (Titze 1994; Scherer 2003) . Moreover, fluctuations in hormone levels occurring during social interactions may influence both anatomical and neurophysiological structures involved in the production of vocal signals and therefore result in modified acoustic patterns (Rolf & Fischer 1990; Dabbs & Mallinger 1999; Semple & McComb 2000; Yamaguchi & Kelley 2002; Manteuffel et al. 2004) .
To understand the evolution of any vocal signal, it is important to explore the source of its variation by investigating short-term changes in both the acoustic structure of calls and other aspects of vocal behaviour (e.g. calling rate), which might indicate different communicative functions. Modification of the acoustic structure of the call
